Treatment plans were created and optimized in the Varian Eclipse TPS to make use of the Eclipse inverse planning and leaf sequencing algorithms. Since Eclipse cannot calculate neutron dose, the final dose was calculated with our in-house TPS. Figure 1 illustrates the agreement in calculated DVHs between the two systems.
Figure 1:
Comparison between eclipse and in-house treatment planning software.
As expected, plan quality increases for the unlimited plans. The extent of this improvement depends greatly on the complexity of the desired dose distribution. As seen in Figure 2 , the plan quality of the very limited plan is comparable to the limited and unlimited plans for the prostate case, while the difference in treatment time ranges from 27 to 62 minutes between the plans. for the prostate case.
For more complicated target and OAR geometries such as the c-shape or head & neck cases, much larger differences were observed between the limited, very limited, and unlimited plans.
Treatment time is not directly correlated to the number of segments; it also depends on the number of MU per plan. The multi-target limited plan takes 34 minutes to deliver while the cshape hard limited plan takes 42 minutes to deliver. This is demonstrated in Table 1 . Treatment times were approximated from plan MU, 45 seconds between each segment delivery, and 8 minutes per treatment for patient setup and take down. Additional time may be needed for therapists to enter the vault depending on the state of the patient and the specific plan. Patients treated with IMNRT typically have aggressive and radiation resistant tumors. For many of these patients, lying still for an extended period of time is not possible. Thus it is very important for the treatment time to be minimal while still maintaining plan quality. For this reason, we chose to limit the total number of segments to 25 for each plan to keep the total treatment time at a value that we considered tolerable for the patient (45 minutes or less).
While this study was performed specifically for the clinical implementation of IMNRT, the beam data and TPS used for the optimization were not neutron-specific. These results are therefore of interest for photon IMRT as well and help illustrate the trade-off between plan complexity and plan quality in general.
